Tomato plants are the second most important vegetable crop grown in Egypt. Larvae of the tomato leafminer, Tuta absoluta, Meyrick are the most important and destructive pest of tomato, capable of causing up to 100% of tomato yield loss in some regions. Effectiveness of chemical control of T. absoluta is limited due to the insect's nature of damage as well as its rapid capability to develop resistance to diverse insecticides. A few synthetic pesticides have shown relative impact in decreasing field populations. However, these synthetic pesticides are not offered at economically affordable cost to many farmers. Two new formulations with more affordable cost, designed as Mash-T 15 EC and Mash-V 25 EC were prepared in our laboratory for control of T. absoluta. Physicochemical properties were in accordance with the FAO/WHO specifications 2010. Bioassay of commonly used pesticides against T. absoluta in Egypt, including Coragen® 20 SC (Chlorantraniliprole), Avaunt® 15 EC (Indoxacarb), and Proclaim®5 WDG (Emamectin benzoate) in comparison with Mash-T and Mash-V against L2/L3 larvae using impregnated romaine lettuce leaves in leaf dipping technique was done. Results support that Chlorantraniliprole was the most effective formulation against T. absoluta larvae, followed by Mash-V. Mash-T and Indoxacarb had moderate activity levels, but emamectin benzoate showed low levels of activity at affordable concentrations. Statistical analyses did not detect any significant differences at LC 50 level between Chlorantraniliprole and Mash-V, or between Indoxacarb and Mash-T. However, significant differences were found between emamectin benzoate and other tested pesticides.
INTRODUCTION
Tomato (Lycopersicon esculentum) is the second most important vegetable crop next to potato. World production of tomatoes is about 123.032.774 million tons fresh fruit produced on 3.7 million hectares. Tomato production has been reported for 144 countries (FAOSTAT Database, 2010) . Tomato is one of the most important "protective foods" because of its special nutritive value. It is one of the most versatile vegetable with wide usage for soup, pickles, ketchup, puree, sauces and in many other ways it is also used as a salad vegetable. Tomato has very few competitors in the value addition chain of processing.
In Egypt, Tomato is the most important vegetable crop grown, with total annual planted area at approximately 251838 ha at 2009 (FAOSTAT Database, 2010) . The harvested planted area with tomatoes was decreased with about 14.1% in one year to be 216385ha at 2010. Therefore the total producing was sequentially declined about 16.9 % from of 10.278539 at 2009 to 8.544990 millionton representing productivity about 39.49 ton/ha at 2010 after 40.81 ton/ha at 2009, Tomato leafminer has been considered the most destructive reason to harvested tomatoes area which diminish it for about 15.4 % at 2013. Egypt is occupying the Fifth producer of tomatoes over the world and it produces 6.95 % of tomatoes world production. In Egypt, tomato production is about55.88% of total vegetative production in Egypt (FAOSTAT Database, 2015) . Tomato plants are liable to attack with many key pests amongst is tomato leafminer, T. absoluta that proved one of the most important and destructive pests in so many countries over the world. The tomato leafminer, Tuta absoluta (Meyrick 1917) (Lepidoptera: Gelechiidae), is one of the most devastating insect pests for tomato production. This leafminer also attacks other Solanaceae crops such as potatoes. It is originated from South America and has been mentioned in literature since about 45 years ago (Bahamondes and Mallea 1969) . Recently it has been considered the most threat to tomatoes production in the Mediterranean region since it has the potential to spread to Spain (Urbaneja et al. 2007) (Desneux et al. 2010) . This invasive insect has the capability tocross the boarders and devastate tomato production both protected and open fields (http://www. tutaabsoluta.com). Thus, at the end of 2009 Tuta absolutahas been detected in tomato fields in Egypt and we believe that it came across the Mediterranean Sea or across the border from Libya. Since 2010 T. absoluta was becoming a cosmopolitan pest with no preventive breaks. The tomato leafminer has the capability to attack tomato plants in three levels started with mine the young leaves and then penetrate the stems and branches and then piercing flowers and fruits. This unique behavior affects the crop directly, producing losses between 60 and 100% of the total production (Ca´ceres 1992; Cely et al. 2006) . It is extremely difficult to control once it has established itself in the ecosystem. It has a high reproductive potential, with up to 12 generations per year (De Vis et al. 2001; Ve´lez 1997) but this may vary among countries and the original climate.
T. absoluta is a very challenging pest to control. Effectiveness of chemical control is limited due to insect's nature of damage as well as its rapid capability of development of insecticide resistant strains. The use of biological factors are still largely under development and not ready to combat this pest effectively and in a cost effective way. Sex pheromone trap is using as an early detection tool. Mass trapping and lure and Kill application of pheromone has been found to be effective to decrease the population of T. absoluta. IPM strategies are being developed to control T. absoluta. Various active substances can be applied in combination with bio-rational control tactics (http://www. tutaabsoluta.com).
Last five years, while there was no highly effective management tools for the leafminer, farmers tend to intensive use of chemical insecticides to the extent of frequent use every day which may cause adverse environmental effects including water pollution, eradication of beneficial wildlife and human health problems (Estay and Bruna 2002; Lietti et al. 2005 , Desneux et al. 2007 ) and for surethey develop resistance mechanisms to existing recommended insecticides.For these reasons, there is great interest to find efficient, economical control alternatives that allow sustainable tomatoes production.
The objectives of this study were to determine the efficiency of common used insecticides to control T.
absoluta, such as Coragen® 20 SC (Chlorantraniliprole), Avaunt® 15 EC (Indoxacarb), and Proclaim® 5 WDG (Emamectin benzoate) in comparison with two new lap prepared formulations Mash-T 15 EC and Mash-V 25 ECunder laboratory bioassays. Physicochemical properties: new prepared tested formulations were subjected to determine the physicochemical properties according to FAO/WHO specifications 2010. Persistent foam of each tested pesticides and free oil portions were measured according to CIPAC F 2012 MT75 and MT 47.1 respectively. Emulsion stability test: (FAO/WHO Specification 2010 and CIPAC MT 36.3 2012). Emulsion stability for the new lab-mad formulations, Mash-V and Mash-T was measuredusing three types of water, soft,hard and tap water. Hard water was prepared by dissolving 0.304g of anhydrous calcium chloride and 0.139g of magnesium chloride hexahydrate in double distilled water and made up to one liter. This provides total hardness equivalent to 342 ppm of calcium carbonate. Soft water was prepared by mixing one volume of hard water with five volumes of double distilled water to provide water hardness of 57 ppm according to CIPAC MT 73 (2012) . Emulsion stability test was carried out using 100 ml-glass graduated stopper tubes, three tubes for each tested pesticide, one tube was filled with freshly prepared hard water, Second tube was filled with freshly prepared soft water and the third was filled with freshly tap water up to level 95 ml, calculated EC pesticides required to prepare 100 ml was added. The tubes were up-settled to 180 o at the rate of complete cycle per 2 sec, 30 complete cycles were done. Separation or precipitation at either top or bottom of the graduated tube were measured and recorded after 0, 0.5, 2hrs. and re-emulsification was done again after 24 and the stability was measured after 24.5 hour. Persistent foam was measured for each sample after 1 min. of emulsification and detected free oil portions were measured and registered either after 2 and 24.5 hrs.(FAO/WHO specification 2010). Emulsion stability test was repeated thrice and three replicates for each. Tested Pesticides: three different pesticides belong to three different chemical classes, Coragen® Chlorantraniliprole 20 SC belong to anthanilic diamid class and Avaunt® Indoxacarb 15 EC belong to oxadiazines were produced by DuPont Crop Protection Middle East & Africa., Proclaim® Emamectin benzoate 5 WDG produced by Syngenta Egypt., were used in comparison to the lab-made formulations bioassay. Bioassay: a leaf-dip bioassay technique was used to evaluate the susceptibility of L2/L3 larvae of T. absoluta to all tested formulations. Leaves of Romaine lettuce were placed individually in each tested concentration and in water for untreated (Control) for 30 seconds with gentle agitation, ensuring the entire surface is immersed equally and then allowed to air dry for 1 h and then supplied as the sole food source to larvae. Concentrations of 5, 10, 15, 20, 25 and 30 ppm were used for testing the mortality of both Chlorantraniliprole and lab-mad formulation Mash-V. Concentrations of 30, 40, 50, 60, 70 and 80 ppm were used for both Indoxacarb and lab-mad formulation Mash-T. Six concentrations of 40, 60, 80, 100, 120 and 140 ppm were used for testing the bioactivity of Emamectin benzoate, all these concentrations were used after preliminary bracketing bioassays suggested them. The various diluted concentrations were applied in 100 ml of double distilled water and thoroughly vortexes before immersing the Romaine lettuce leaves. Control solutions consisted of double distilled water. Replicates consisted of a Petri dish (100 mm x 15 mm) containing a lightly moistened filter paper, on to which half a leaf (dependent upon size) were placed and inoculated with about 20 L2/L3 stage larvae. These were maintained under controlled environmental conditions (26 ± 2 o C, 16 L: 8 D photoperiod) and mortality was assessed after 48 h. Larvae were counted as dead if when stimulated with a fine paintbrush, there was either no movement, or if movement was uncoordinated and they were unable to move a distance equal to double their body length. Each bioassay experiment was repeated thrice with three replicates of each concentration per experiment. Mortalities of each formulation were pooled and subjected to statistical data analysis. Statistical Analysis: mortalities of every three experiments and three replicates in each were pooled together then subjected to Probit analysis using the Statistical Analysis System Version 9.4 program PROC PROBIT (SAS Institute 2012). Control mortalities (%) were 8.8, 4.4, 6.6, 7.7 and10 for the five tested pesticides, Chlorantraniliprole,Indoxacarb,Emamectin benzoate,Mash-T and Mash-V,respectively.
MATERIALS AND METHODS
When comparing LC 50 values, a failure of 95% confidence limits to overlap was used as a measure to determine significant differences between treatments (Robertson and Preisler 1992) . In all cases the likelihood ratio (L.R.) chi-square goodness-of-fit values indicated that the data adequately conformed to the probit model (Robertson and Preisler 1992) .
RESULTS AND DISCUSSION
Persistence foam, free oil portions and emulsion stability& re-emulsification values for the new lab-made formulations, Mash-T and Mash-V were in accordance with the FAO/WHO specifications 2010 (Table 1) . After 1 min. of the complete initial emulsification at zero time, persistence foam has been recorded as 9 ml and 7 ml for Mash-T and Mash-V respectively. Traces of oil were found on the top of emulsion after 2 h for both tested formula. However, the free oil has increased after re-emulsification at 24h up to 0.3 ml for Mash-T. Creamy layer was varied from 0.6 to 2.3ml and 0.5 to 1.4 ml from 0h to 24.5 h. for Mash-T and Mash-V, respectively. Data of the emulsion stability were shown as a maximum average in between thrice trials at three replicates of each using CIPAC (Table 2 ). Data emphasized that Chlorantraniliprole was the most effective pesticides with a lower LC 50 and LC 90 to T. absoluta followed by Mash-V. LC 90 of each of them was approximately close to the half value of LC 50 of the other tested pesticide formulations. Emamectin benzoate was the lowest formulation in activity to the tested larvae. Failure of 95% confidence limits to overlap was proofed thatthere were no significant differences shown up at LC 50's level between Chlorantraniliprole and Mash-V, or betweenIndoxacarb and Mash-T. However, significant differences were detected between Emamectin benzoate and other tested pesticides. No significant differences were shown upon LC 90's among Chlorantraniliprole, Mash-V, Indoxacarb and Mash-T. However, significant difference is still obvious between all of them and Emamectin benzoate.
Toxicity index values demonstrated a relative toxicity between the most efficient formulation (Chlorantraniliprole) as standard and other formulations ( Table. 2). Efficiency of Chlorantraniliprole to tomato leafminer larvae was approximately 4 fold of the efficacy of Indoxacarb and Mash-T. Meanwhile, it was more than 6 fold of the efficiency of Emamectin benzoate. Our data support that chlorantraniliprole was the most efficient formulation against T. absoluta larvae, followed by Mash-V. Chlorantraniliprole is registered for control of tomato pinworm on tomato in the United States (Dupont, 2008) due tocapability ofroot uptake, translocation in tomato plants and its privilegetranslaminar activity of tomato leaves and fruits. Lahm, 2009, reported that Chlorantraniliprole controls pest populations that are resistant to other insecticides. Mash-V has the potential to play a vital role in controlling tomato pests such as T. absoluta due to its unique matrix of composition. We believe that the bioactivity of Mash-V, which is statistically competing with Chlorantraniliprole, comes from the mixture of the active ingredient that shows a multi-mode of action, types of adjuvant and synergistic agents used. In Egypt, Tomato leafminer has been considered a catastrophic pest for tomato farmers since 2010. Cultivators have lost their yield up to 100% in the outbreak season of T. absoluta, and they have spent a lot of money in managing this devastating pest without any kind of output. The effective insecticides to this pest are really expensive to the Egyptian farmer. Mash-V is a promising formula at affordable economically cost. The non-judicious application of insecticides led to the development of resistance and may show a cross resistance (USDA, 2011) .
Tomato leafminer has acquired a resistance to many insecticides such as deltamethrin and abamectin (Lietti et al., 2005) , Also resistant to cartap, abamectin, permethrin and methamidophos (Siqueira et al., 2000) , and acephate and deltamethrin (Branco et al., 2001) . So that it is the time for the newer insecticide classes that provideefficiency against the tomato leafminer (IRAC, 2009a), However, the modes of action need to be conserved by implementing resistance management. Rotation of controlling agents with different modes of action, usually provides a sustainable and effective approach to managing insecticide resistance (IRAC, 2009b) . Indoxacarb is one of the newer insecticide classes and it is been considered of the reduced risk pesticide (EPA, 2000) that enters the insect through the cuticle or digestive system and acts by blocking sodium channels.
Indoxacarb, spinosad, imidacloprid, deltamethrin, and Bacillus thuringiensisvar. kurstaki, were the most applied insecticidesin controlling T. absoluta in Spain (FERA, 2009; Russell IPM, 2009) . Although, Chlorpyrifos, is not registered on tomato fruits in Italy, andthiacloprid, lufenuron are not registered on tomato fruits in Malta, and Metaflumizone is not registered on crops in Spain (MARM, 2010), they have been used as recommended pesticides in the outbreak infestation and/or with rotation of Pyrethrins in Italy (Garzia et al., 2009) or with sequence with Abamectin, Indoxacarb, Spinosad, Imidacloprid,and Bacillus thuringiensis (Btk) in Malta (Mallia, 2009 ). In Spain it was just for restricted period because existing control methods were insufficient to control T. absoluta in some regions of Spain (MARM, 2010) . Although, Chlorpyrifos is banned for use on tomatoes in the United States (EPA, 2006) it is the most widely used pesticide in Egypt in controlling insect pests on vegetable crops. Indoxacarb is highly recommended foruse in France (FREDON-Corse, 2009 ) andin Brazil (IRAC, 2007 due to its selectively targets of lepidopteran pests and its efficacy in controlling outbreaks of tomato leafminer (Picanço, 2006; FERA, 2009; Sixsmith, 2009 ). Our results indicated that Indoxacarb and Mash-Thad moderate activity levels to the tested larvae of Tuta absoluta. This might explain how much the intensive and indiscriminate use of pesticides has been done in Egypt since 2010. Emamectin benzoate is highly potent to a broad spectrum of lepidopteran insect pests but it is about 8-to 15-fold less toxic to the serpentine leafminer, Liriomyza trifolii (Burgess) (Cox et al., 1995a&b) . Though, Emamectin benzoate has the potential to penetrates leaf tissues by translaminar movement and it has been recommended for control tomato leafminer in some countries such as Algeria (Gacemi and Guenaoui 2012) and in Greece (Roditakis et al., 2012) but it showed low levels of activity at affordable concentrations in our comparative bio efficiency to tomato leafminer, T. absoluta in Egypt. We believe each country should reevaluate the efficacy of the registered pesticide on Tomato crops routinely because this invasive pest, T. absoluta has an exponential development of resistance and it may vary among countries due to the legislation and the regulations of using pesticides and also this might be affected with the culture of each country and their way in dealing with the chemical compounds. While statistical analyses proved that there was no significant differences at LC 50 level and Fiducial limits 95% between Chlorantraniliprole and Mash-V, or betweenIndoxacarb and Mash-T. Significant differences were shown up between emamectin benzoate and each other tested pesticides. Our results trend support the use of either chlorantraniliprole or Mash-V individually or within a rotation to control T. absoluta and to delay resistance evolution. The individual use of Indoxacarb, Mash-T and emamectin benzoate is not recommended, but they may be used in programs to increase efficiency in controlling T. absoluta larvae. Integrated T. absoluta management is the best managing tool that count on different types of control not just pesticides and not just applied at the outbreak but it will be earlier. 
